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Abstract 
The aim of this study was to determine the optimization of a combined Darrieus-Savonius water 
turbine design with a modified blade position on buckets. To determine the right position of the blade on 
the buckets, an analysis of the cut plot pressure on the combined turbine was required. The analysis of the 
cut plot pressure usually uses the embedded analysis in SolidWorks software to improve the combined 
water turbine design. This research seeks to propose an additional analysis of the cut plot pressure using 
an image-processing approach. The image processing approach in the analysis of the cut plot pressure 
was done by clustering image-based segmentation using the Fuzzy C-Means algorithm. The combined 
water turbine design used the NACA 0018 blade profile and buckets. Modification of the blades’ position 
on the buckets can improve the turbines’ performance. Three variations of the blades’ position 
modifications were employed, and three variations of the turbine design were simulated by SolidWorks 
software to obtain the cut plot pressure, which, in the form of a digital image on each variation, was 
analyzed using the Fuzzy C-Means algorithm. Variations of the combined water turbine design were 
analyzed and tested using SolidWorks and MATLAB software. The results of the study indicate that the 
variations of the blades’ position on the buckets can increase the pressure of the combined water turbine.  
 
Keywords: Blade, Bucket, Savonius, Darrieus, Combined Water Turbine 
 
 
 
摘要 这项研究的目的是确定优化的达里厄斯·萨沃纽斯组合式水轮机设计，其叶片在叶片上的位
置经过修改。为了确定叶片在叶片上的正确位置，需要对组合式涡轮机上的割线压力进行分析。
割地压力的分析通常使用扎实的作品软件中的嵌入式分析来改善组合式水轮机的设计。这项研究
试图提出使用图像处理方法对割地压力进行额外分析。割区压力分析中的图像处理方法是通过使
用模糊 C均值算法对基于图像的分割进行聚类来完成的。组合式水轮机设计使用纳卡 0018叶片
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轮廓和铲斗。修改叶片在叶片上的位置可以提高涡轮机的性能。使用了叶片位置修改的三个变体
，并且通过扎实的作品软件对涡轮设计的三个变体进行了模拟，以获得切绘压力，然后以模糊 C-
均值算法。使用扎实的作品和 MATLAB软件对组合式水轮机设计的变化进行了分析和测试。研
究结果表明，叶片在叶片上的位置变化会增加组合式水轮机的压力。 
关键词: 叶片，铲斗，萨沃纽斯，达里厄斯，联合水轮机 
 
I. INTRODUCTION 
Research on mechanical energy from water 
flow to produce electrical energy has been carried 
out by Khan et al. [1]. The development of water 
turbine geometry consists of two turbines, 
namely the Darrieus turbine and the Savonius 
turbine. The blades in the Darrieus turbine utilize 
the flow of water to obtain lift force. However, 
the Darrieus turbine has a weakness in that it is 
difficult to rotate at a low speed. The blade 
profile for the Darrieus turbine is hydrofoil and 
based on the National Advisory Committee for 
Aeronautics (NACA). The NACA modification 
can provide a large lift force [5]. Blades in the 
Savonius turbine use water flow to produce 
compressive power on the blades [2]. The water 
turbine with the Savonius blade can rotate at 
speeds of 0.3 m/s [3], and this turbine also has a 
very high starting torque [4].  
There have been some studies on the 
“combined Darrieus-Savonius water turbine.” 
The buckets in the Savonius turbine can be 
integrated with the blades of the Darrieus turbine 
to improve the weakness of the Darrieus turbine. 
Sahim, Ihtisan, Santoso and Sipahutar [6] 
concluded that the power efficiency of the 
combined Darrieus-Savonius water turbine was 
better than either the solo Darrieus or Savonius 
turbines. The combined Darrieus-Savonius water 
turbine produces an efficiency rate of 66.76% at a 
water flow rate of 0.637 m/s [7]. 
Research on “the combined modification of 
Darrieus-Savonius water turbine” has been 
conducted by some researchers. Emil Mosonyi 
stated that the performance of the combined 
Darrius-Savonius water turbine could be 
improved by modifying the combined turbine [8]. 
In their study, Nakajima and Ikeda [9] concluded 
that built a water flow simulation in the 
combined Darrius-Savonius water turbine using 
SolidWorks software; the water flow in the 
simulation used a mass flow rate of 1.499 m
3
/s as 
input. The weakness of this research was due to 
the fact that the parameters of the combined 
water turbine design were only based on the 
SolidWorks software. Some aspects, such as how 
to get other parameters in SolidWorks software, 
it is not considered [9]. The parameters involved 
in the design include the pressure histogram, 
pressure center, and the clustering of the pressure 
center. The cut plots that show the pressure were 
generated by SolidWorks software in the form of 
digital images. The digital image can see a 
contour plot of pressure and the pressure is 
represented by several colors on the plot. To 
obtain the best turbine design, we analyzed the 
cut plot pressure to classify the pressure value 
with the same characteristics in the same domain. 
In the cut plot that show the pressure, the 
pressure value was represented in a digital image 
as colors, and was clustered based on the 
proximity between the colors [10]. In this 
research, we clustered the cut plot that show the 
pressure using the Fuzzy C-Means (FCM) 
clustering algorithm. The FCM clustering 
algorithm is a method of clustering which allows 
one piece of data to belong to two or more 
clusters, The algorithm can be used to cluster 
multidimensional data, assigning each point a 
membership in each cluster center from 0 to 100 
percent [11].  
After data clustering, we analyzed the cut plot 
that show the pressure using a histogram to 
determine the highest pressure from the best 
turbine design. 
 
II. METHODS 
The research employed a computational fluid 
dynamics (CFD) method using SolidWorks 
software and the FCM algorithm using 
MATLAB software. The two methods were used 
to understand the characteristics of the cut plot 
pressure on the blades and buckets. The 
characteristics of the cut plot pressure were 
pressure clustering, the highest pressure, and the 
lowest pressure. The characteristics were then 
presented in graphical forms, diagrams, and 
contours so that it is easy to determine the best 
turbine from the various modifications. Figure 1 
shows the stages of the research. 
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Figure 1. The stages of research 
 
The research process was conducted in two 
stages as follows: (1) Library research. This stage 
was aimed at studying the theory of the design 
and working principles of the Savonius and 
Darrieus combined water turbines, the theory of 
fluid mechanics, and rotational motion, and (2) 
the design of a water turbine which consisted of 
the combined Darrieus-Savonius water turbine. 
After the design, a geometric model was made 
using Solidworks software. (3). The third stage 
was designing environmental conditions around 
the turbine using Solidworks software. At this 
stage, the type of water flow, the value of gravity, 
domain and room temperature were determined. 
(4). The fourth stage was turbine modification. At 
this stage, three angular positions between blade 
and buckets were made. (5). The fifth stage was 
the analysis using the CFD method. (6). The sixth 
stage was the analysis using the FCM method. 
The result was the degree of the cluster center 
and some other membership degrees. (7). The 
seventh stage was the selection process, to 
determine whether the turbine design is the best. 
In the next process, which was the eighth stage, if 
the turbine design was not the best, then a 
combined water turbine was designed. (8) The 
eighth stage was the best water turbine design. 
The parameters in the initial condition were water 
flow rate of 1.5 m
3
/s as input models. The water 
flow rate was based on Reynold's number. The 
Reynold’s numbers used equation (1) [12] and 
the Reynold's number was 40000. 
  Re =
ρvd
μ
 (1) 
Water viscosity (μ) was 1.1375×10–3 Pa.s, and 
the water temperature was 28
0
 C. The 
computational domain was (five times blades 
length) x (five times blades length) x (five times 
blades length on the X-axis) for internal flow 
analysis. The turbine used the NACA 0018 blade 
profile because the hydrofoil was more stable for 
small capacities and low water speeds [13]. The 
blade length was 50% x water turbine diameter; 
the blade thickness was 20% x blade length, and 
the number of blades was three, the distance 
between one blade and another blade is an angle 
of 120
0
. The three-dimensional shape of the 
buckets was half tube and the two-dimensional 
shape of the buckets was semi-circle to revise the 
self-starting of the turbine. The semi-circular 
bucket has been used in research on turbines by 
Changel et al. [14]. The diameter of buckets was 
30% x turbine diameter; the width of buckets was 
50% x turbine diameter; and the number of 
buckets was three; the design of a water turbine 
with three buckets was used by Sharma [15]. The 
distance between one bucket and other buckets 
was an angle of 120
0
. The buckets were placed 
between the blades and shaft. The position of the 
buckets was fused with the shaft. 
The study of Kaprawi et al. showed that 
buckets in combined water turbines provide 
better performance if the buckets are near the 
center of the shaft [6]. The positioning of the 
buckets on blades was investigated by Nakajima 
et al. [9]. There were three variations of the blade 
positions on buckets. The first variation was the 
blades before the buckets (the angle  is -20
0
), the 
second variation was the blades parallel to 
buckets (the angle is 0
0
), and the third variation 
was the blades after buckets (the angle  is +20
0
). 
The distance between the blades and buckets was 
0.1 meter, and the distance of the blades to the 
bottom wall was 0.1 meter. Darriues rotor 
diameter was 1.6 meters; Savonius rotor diameter 
was 1.6 meters; the width of the Darrieus rotor 
and the Savonius rotor was 1.6 meters. 
Figure 2 shows the design of the Darrieus-
Savonius turbine in this research. The combined 
water turbine design is a water turbine that 
combines three buckets and three blades. In 
simulations of the internal water flow flowing 
blade and buckets, the water flows out through 
the outlet to environmental conditions. The blade 
length is 0.4 meter. The blade thickness is 20% x 
0.4 meter. The results of Gorlov et all’s study 
indicated that blade thickness affected torque and 
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turbine rotation; good blade thickness was 
20%xblade length. If the blade thickness is large, 
then the water turbine's rotation is down and the 
torque is small [16]. 
 
Figure 2. The length and thickness of the blade and buckets 
 
To get a good combined water turbine design, 
we varied the position of the blade against 
buckets in this research. The position variations 
are three, as shown in Figure 3(A), blades are 
before buckets ( the angle  is -20
0
) as design-1, In 
Figure 3(B), the blades are parallel to buckets 
(the angle  is 0
0
) as design-2. In Figure 3(C), the 
blades are after buckets (the angle is +20
0
) as 
design-3. 
 
Figure 3. The combined turbine design for blade position on 
buckets: (A). The angle is -200 as design-1, (B). The angle is 
00 as design-2, (C). The angle is +200 as design-3 
 
III. RESULT AND DISCUSSION 
In this research, we simulated the cut plot 
pressure of the water flows dynamically using 
Solidworks software. The software has the ability 
to analyze the combined water turbine design 
related to the water flow. The results of the 
simulation are data about the water pressure in 
the turbine, water flow rate, cut plot pressure. We 
used the data from the simulation to analyze the 
turbine design on some modifications to get a 
good turbine. We added several parameters in the 
analysis process using image processing 
approach; the parameters were pressure 
clustering, average pressure value for each 
clustering. These parameters cannot be generated 
from the CFD method. The results of the research 
were a good turbine design; the parameters of the 
good turbine showed the highest pressure on plot 
pressure clustering. 
 
A. Analysis of Water Flows Cut Plot Pressure 
on the Turbine Using Solidworks Software 
The initial phase was designing a blade. The 
number of blades on the turbine was determined 
by the value of the Speed Tip Ratio (TSR). To 
get the TSR value using formula (2) [12], the 
TSR values for combination turbine were 3 and 4. 
The number of blades is three, based on Table 1 
[12]. 
λ =  
2πrn
60v
 (2) 
 
Table 1. 
Tip speed ratio guide to the number of blades 
Tip speed ratio (𝜆) The number of blades (B) 
1 6-20 
2 4-12 
3 3-6 
4 2-4 
5-8 2-3 
8-15 1-2 
 
To get the lift coefficient value using formula 
(3) [12], the lift coefficient value (Cl) was 
1.16032. 
Cl =
L
1
2
ρv2A
 (3) 
To get the blade length using formula (3) [12], 
the blade length is 0.3 meter. 
C =
8πr
B.Cl
 (1 − cosθ) (4) 
The external flow conditions are 
environmental conditions around a combined 
water turbine. Before the simulation started, we 
determined the initial condition parameter. The 
parameter can be shown in Table 2. 
 
Table 2. 
The parameter in an initial condition 
Thermodynamic 
parameters 
Static pressure 1005 Pa 
Temperature 298.15 K 
Velocity 
parameters 
Velocity in X 
direction 
Equation 
dependency 
Velocity in Y 
direction 
0 m/s 
Velocity in Z 
direction 
0 m/s 
Relative to 
rotating frame 
Off 
Turbulence 
parameter 
Intensity 2% 
Length 0.001056 
 
The size of the domain in the direction of the 
x-axis was 10x the length blade. The domain can 
get a separation pattern to the turbine more 
accurate. The Figure 4 shows the domain in 
turbine design. 
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Figure 4. Domain in turbine design 
 
In the domain, the water flow rate was 1.5 m/s 
in the direction of the positive X axis; the 
simulation used two dimensional analyses to 
determine the value of water pressure in the 
domain area. Turbine modeling used Computer 
Aided Design (CAD) with Solidworks software. 
Turbine modeling consisted of blade modeling, 
buckets modeling, Darrieus turbine diameter, and 
Savonius turbine diameter. Blade modeling 
consisted of a blade with NACA type, NACA 
coordinates, the blade length, the blade thickness, 
and the number blade. Buckets modeling 
consisted of the number of buckets, the diameter 
of the bucket, and the length buckets. The water 
flow model used the standard epsilon k approach. 
This model can be used for the hydrodynamic 
modeling approach and the results are close to 
the experimental data. 
The Solidworks software runs turbine model 
based on the initial condition. The simulation 
used an approach to the equation about water 
flow pressure.  
Figure 5 after running animation on 
Solidworks software for the combined turbine 
model, the software produced high pressure of 
flow pressure in center position compared to 
other positions. 
 
Figure 5. The position of pressure contour in center: A - the 
front view, B - the side view, C - the top view 
 
The result of the simulation was the cut plot 
pressure on the turbine in the form of a digital 
image; the pressure value is represented by the 
color of the digital image at center position in 
turbine model. The range for the pressure value is 
from 101022.98 Pa to 103798.90 Pa. The range 
for the color value is from blue to red. The range 
can be seen on the right corner in Figure 6. 
 
Figure 6. The cut plot pressure at azimuth angle 450 with 
water flow: (A) the design-1, (B) the design-2, (C) the 
design-3 
 
Figure 6 shows the cut plot pressure with two-
dimensional image. Three turbine designs have 
different cut plot pressure. The cut plot pressure 
represents the distribution of the water flow 
entering through the turbine. Overall, the 
simulation results have reached convergence, 
shown by the pressure parameters on the system. 
As Figures 6A, 6B and 6C indicate, the water 
flow enters the turbine in quadrants I and IV. The 
color in quadrants I and IV are brighter, close to 
red. The red represents high pressure after the 
water flows out in quadrants II and III. The color 
is close to blue, which represents low pressure. In 
Figures 7(A), 7(B) and 7(C), the maximum of cut 
plot pressure in quadrants I and IV, the minimum 
of cut plot pressure in quadrants II and III, the 
water turbine design has the highest pressure in 
design-2. 
 
Figure 7. Minimum and maximum of cut plot pressure at 
azimuth angle 450 with water flow: (A) the design-1, (B) the 
design-2, (C) the design-3 
 
B. Analysis of Plot Pressure Clustering Using 
the FCM Algorithm 
Pressure cluster analysis is a process for 
grouping pressure data based on the proximity of 
the pressure data. In this study, we conducted 
soft-clustering using the FCM algorithm. FCM 
algorithm is a clustering method to find cluster 
centers by minimizing the function of 
dissimilarity. The digital image of cut plot 
pressure comes from three designs. The three 
turbine designs are based on blade positions on 
buckets. For each turbine design, eight 
simulations were done. The difference of each 
simulation is based on the azimuth angle between 
the water flows to the turbine. Every azimuth 
angle is 360
0
/8 = 45
0
. Figure 8 shows the azimuth 
angle. 
 
Figure 8. The azimuth angle of the turbine with the direction 
of water flow 
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The results of turbine simulation are cut plot 
pressure as input data in the segmentation process. 
These results take the form of digital image from 
Solidworks software. Digital image is a numeric 
representation from pressure of two-dimensional 
image. The value of water pressure can be 
presented in the form of color. The digital image 
data are RGB image. RGB color space describes 
colors pattern: red, green, and blue. The colors 
pattern can be combined in various dimension. 
RGB image has a size of n × m (n = image width, 
m = image height). Xij = data-i (i = 1, 2, ..., n) 
and data-j (j = 1, 2, ..., m). RGB image is 
converted to HSV image. HSV describes colors 
model (hue, saturation, and value).The hue is the 
color type (red, blue, or yellow), the saturation is 
the intensity of the color, and the value is the 
sharpness of the color. HSV digital image is the 
image color of the wavelength from visible 
spectrum. The color component in the HSV 
image can be used as a reference for the 
introduction of cut plot pressure. The program 
code conversion from the RGB image to HSV 
image can be shown in Figure 9. 
 
Figure 9. Matlab program code for conversion 
 
The RGB image derived from Solidworks 
software in Figure 10(A); the results of program 
execution were converted to HSV image in 
Figure 10(B). The conversion process is in 
accordance with the direction of the red arrow. 
 
Figure 10. The result of digital image conversion: (A) - 
Original RGB image, (B) - Conversion HSV image 
 
The number of clusters (c) is three for cut plot 
pressure. The first cluster is the highest plot 
pressure, the second cluster is the medium plot 
pressure, and the third cluster is the low plot 
pressure. Rank (w) is two, the maximum iteration 
(Maxit) is 100, the smallest error (ξ) is 0.0001, the 
initial pressure (Po) is zero, and the initial 
iteration (t) is one. Random numbers µik , i = 1, 2, 
…, nxm, k = 1, 2, …,c were produced. The initial 
partition matrix element is L and the number of 
each column element value in one row is one, the 
element L uses equation (5). 
∑ Lci = 1
c
i=1  (5) 
To get the cluster center in the last iteration 
equation (6) was used. 
Vkj =
∑ ((Lik)
2∗Xij)
nxm
i=1
∑ (Lik)2
2500
i=1
 (6) 
We iterated until the 12th with an error of 
0.00327 to get the last cluster iteration center. 
Figure 11 shows the iteration program code. 
 
Figure 11. Matlab program code for plot the cluster center 
 
After the program code in Figure 11 is run 
with Matlab software, the result is a cluster center 
of three in Figure 12. 
 
Figure 12. The cluster center plot is three 
 
After the clustering process for the three 
cluster centers was complete, the process of 
getting fitness values from the best cluster centers 
of alliterations was done. Then, the values of 
each cluster center are mapped in a digital image. 
The image was labeled according to the clustered 
index. The program code of the image label can 
be shown in Figure 13. 
 
Figure 13. Matlab program code for image label 
 
The Figure 14 shows the results of the cluster 
image label process. 
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Figure 14. The results of the segmentation of the digital 
image "contours45.png": (A) - The original RGB image, (B) 
- The conversion to HSV images, (C) - The ground truth 
segmentation, (D), (E), (F) - The preprocessed image, (G), 
(H), (I) - The clustered image in component H, (J), (K), (L) - 
The histogram image in component H(J) The object-1, (K) - 
The object-2, (L) - The object-3 
 
Figures 14(A) to 14(L) show images for the 
stages of the segmentation process using the 
FCM algorithm. Starting from the original digital 
image produced by Solidworks software, the 
process according to the red arrow is the order of 
segmentation process and the results in every 
stage. RGB image is a digital image from 
simulation results using Solidworks software in 
Figure 14(A). HSV image is a digital image from 
conversion using Matlab software in Figure 
14(B). The ground truth segmentation can know 
information about clustering in image digital. In 
Figure 14(C), ground truth data consists of three 
clusters with three colors; the yellow color (code-
1) is cluster-1; cluster-1 is close to the turbine in 
quadrants I and IV; the blue color (code-2) is 
cluster-2, and comes before cluster one in 
quadrants I and IV.  
The green color (code-3) is cluster-3. The 
cluster-3 is after cluster one and cluster twoin the 
quadrants II and quadrants III. The sequence of 
clusters in the digital images is cluster-1, cluster-
2, and cluster-3, according to the direction of the 
arrow. The next process is a preprocessed image 
derived by using Statistical Region Merging 
(SRM) methods, which are techniques for region 
growing and merging [17]. The result is an object 
in cluster-1 in Figure 14(D), an object in cluster-2 
in Figure 14(E), and an object in cluster-3 in 
Figure 14(F). Next is a clustering process using 
the FCM algorithm. The result is x in component 
H for object-1 in Figure 14(G); a digital image 
HSV in component H for object-2 in Figure 
14(H); and an HSV image in component H for 
object-3 in Figure 14(I). The component H can be 
used to identify pressure because it has the most 
stable value compared to components S and V, 
which have spread values. 
The next process is analysis using a histogram. 
The result is a histogram in component H for 
object-1 in Figure 14(J); for object-2 in Figure 
14(K); and for object-3 in Figure 14(L).  
 
Data input in the clustering process is 24 
digital images data of cut-plot pressure from the 
SOLIDWORKS software; the digital images data 
of cut-plot pressure is based on variations in 
turbine design. Variations in turbine design can 
be seen in Figures 3(A), 3(B), and 3(C). Each 
turbine design has 8 azimuth angle. The 24 
digital images data of cut-plot pressure is 
grouped into three cluster center points: cluster-1 
is the center point of high pressure; cluster-2 is 
the center point of medium pressure; and cluster-
3 is the center point of low pressure. The analysis 
of all three cluster center points can be seen in 
Figure 15. All three clusters show the pressure 
value at each turbine position for each turbine 
design, and we calculated the average of each 
cluster in each design. Cluster-1 produces the 
highest average value: the turbine position is 0
0
, 
and the turbine is design-2. In design-2 for 
cluster-2 and cluster-3, both clusters have 
increased pressure. The combined water turbine 
design for design-2 is the best turbine design 
compared to the other positions. 
 
Figure 15. The pressure center in cluster-1 
 
IV. CONCLUSION 
In this research, we conducted an analysis 
using SOLIDWORKS and MATLAB software. 
Setting the position of the blade against buckets 
can increase the pressure of the water flow on the 
combined water turbine. In design-2, all positions 
of the turbine on the water flow have the highest 
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average pressure values. In design-2, the position 
of the blade can help the water flow to the 
buckets, and the pressure on the buckets is high. 
Therefore, it can be concluded that design-1 is 
the best turbine design compared to the other 
positions. In design-1, from the combined 
Darrius-Savonius water turbine, the positions of 
the blades are parallel to the buckets (the angle is 
0
0
). For further research, larger-capacity 
combined water turbines could be modified to get 
a good combined water turbine design with lower 
cost. 
 
NOMENCLATURE 
v = The water flow rate 
r = The turbine Radius 
n = The round generator 
𝑉𝑘𝑗 = The cluster center with k = 1, 2, …, c 
and j = 1, 2, …, mxn 
Xij = The data-i (i = 1, 2, …m), the data-j 
(j = 1, 2, …n) 
μik = The random numbers with i = 1, 2, 
… mxn and k = 1, 2, …c 
C = The blade length 
B = The number of blade 
Cl = The lift coefficient 
L = The lift force 
v = The water flow rate 
A = The area 
𝑑 = The turbine diameter 
Pa = Pascal 
Greek Symbols 
𝜇 = The water viscosity 
𝜌 = The fluid density 
𝜃 = The angle slant of blade cross section 
𝜆 = The Tip Speed Ratio 
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